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In December 1996, the New York Commission (NYPSC)

instituted a proceeding to investigate the options for making

additional area codes available in the 212 and 917 area codes ln

New York City.l ~ additional NPA overlay was considered based

upon a projected line number exhaust.

Section 52.19 (c) (3) (ii) of the FCC regulations requires

mandatory la-digit dialing when an area code overlay is used to

provide number relief. The purpose of the la-digit dialing

requirement, as articulated by the Commission, is to ensure that

competitors do not suffer competitlve disadvantages and

competition is not deterred as a result of dialing disparity

(Local Competition Second Report and Order at 47330, para. 286 ­

para. 287).2 The Commission presumes that, absent the la-digit

dialing requirement, "dialing disparity" would exist and

competition would be impeded (Local Competition Second Report and

Order at 47330, para. 287).

The New York Department of Public Service (NYDPS) has

requested a waiver of 47 C.F.R. § 52.19 (3) (c) (ii). We support

that waiver request, and further request that the FCC exempt 10-

digit dialing in NPA overlays in all NPA's for at least all line

numbers in the 950 (feature group B access) and 555 NXXs because

it is technically feasible to have both 7 and la-digit dialing

NYPSC Case 96-C-1158, Proceeding on Motion of the Commission to Investigate
the Options for Making Additional Central Office Codes Available in the 212 and
917 Area Codes in New York City.

Implementation of the Local Competition Provisions of the
Telecommunications Act of 1996, CC Docket No. 96-98, Second Report and Order
and Memorandum Opinion and Order, FCC 96-333, 61 Fed. Reg. 47284 (1996) (Local
Competition Second Report and Order) .
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available for these NXXs, and it is not technically or

competitively necessary to impose mandatory or exclusive la-digit

dialing for these NXXs.

There is a need for information services which are also

dialed 7-digits (in addition to pe~missive lO-digits) to provide

easy access for the elderly, persons with Alzheimer's and

depression, young children, and persons with other memory

impairments. Such dialing would never interfere with other NPA's,

since the 950 and 555 codes as NPA's have been blocked by the

Industry guidelines from ever being issued as NPAs. 3

The FCC on December 24, 1996, also issued an Order which

facilitated such innovative access, exchange, and information

services, wherever ~technically feasible".4 In addition, the

Industry has stated that its "Uniform National Dialing Plan" does

not apply to the 950 and 555 NXXs (Exchanges)5.

3 INC 96-0308-011, par. 4.2.3, 3/8/96.

5

FCC: "Section 251 (c) (2) imposes on incumbent LECs "the duty to provide,
for the facilities and equipment of any requesting telecommunications carrier,
interconnection with the local exchange carrier's network that is at least
equal in quality to that prOVided by the [LEC] to itself or to any subsidiary,
affiliate, or any other party to which the carrier provides interconnection."

In the First Interconnection Order, we interpreted the term "equal in
quality" as requiring an incumbent LEC to provide interconnection to its
network at a level of quality that is at least indistinguishable from that
which the incumbent LEC provides itself. Further, we found that, to the extent
a carrier requests interconnection that is of a superior or lesser quality than
the incumbent LEC currently provides, the incumbent LEC is obligated to provide
the requested interconnection to the extent technica~~y £easib~e." (In The
Matter of Non-Accounting Safeguards of Sections 271 and 272 of the
Communications Act of 1934, as amended, FCC First Report and Order, December
23, 1996). The Order goes on to state that the feasibility standard applies
even if the LEC does not plan to offer the same to itself or its affiliate(s).

Uniform Dialing Plan, INC 97-0131-017, par. 2.3, n. 1 (January 31, 1997);
IILC Issue 046 (NIIF 0005) (January, 1997); OBF Issue 1038; INC 96-0308-011,
par. 4.2.3, 3/8/96; ICCF 96-0411-014, 4/11/96; INC 94-0429-002 (May, 1994); The
FCC has stated that Industry consensus should not be overturned without cause.
(Southern New England Telephone Expedited Petition for Emergency Interim
Relief, Preliminary Injunction and Stay, 1995 FCC 6687, Release DA 95-2141,
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DISCUSSION

On April 23, 1997, and subsequently in the NANC's

consideration of the instant matter, we requested that the North

American Numbering Council (NANC) and FCC take notice of

scientific research6 indicating that generally many elderly, and

also young children7
, and thus likely other memory impaired

persons (i.e. Alzheimer's, depressed8
), have great difficulty in

the recall of 1 O-digi t telephone numbers. (Research attached and

incorporated herein) .

Mr. Bartel noted that, as a Human factors engineer he

believed that the continued use of ~7-digit dialing is desirable,

and is technically feasible (particularly for those NXXs which

have individual line numbers assigned to the same entity in

substantially all surrounding geographic areas), by call routing

10/6/95) .

"Age Differences in Everyday Memory: Laboratory Analogues of Telephone
Number Recall", by Robin L West (Univ of Florida ( west51@nervrn.nerdc.ufl.edu
)) and Dr. Thomas H. Crook (Memory Assessment Clinics," Inc., now Psychologx
(psychologx@aol.com)), Psychology and Aging, 1990 Vol,. 5, No.4, 520-529,

American Psychological Association (0882--7974/90). (/t.,-rAcH-ia»

The average 4-5 year old has a digit span of 4, while 9-10 year olds have
a digit span of 6. (See: Case, R. (1995), Capacity Based Explanations of
Working Memory Growth: A Brief History and Reevaluation; In F.M. Weinert & w.
Schneider (Eds.), Memory Performance and Competencies: Issues in Growth and
Development. Erlbaum.). Research indicates that Chinese children have slightly
larger spans because the number names are shorter and can be said faster.
(Provided by Shari Ellis, University of Florida ( ellis@psych.ufl.edu )).

Also see: "Structure of Everyday Memory in Adults with Age-Associated
Memory Impairment", Adrian Tomer, Glenn Larrabee & Thomas Crook, Psychology &
Aging, 1994, Vol. 9, No.4, 606-615; "Everyday Memory Performance Across Life
Span: Effects of Age and Noncognitive Individual Differences," Psychology &
Aging, 1992, Vol. 7, No.1, 72-82; "Evaluation of Drugs in Alzheimer's Disease
and Age Associated Memory Impairment," T.H. Crook, B.A. Johnson, & G.J.
Larrabee, in "Methodology of the Evaluation of Psychotropic Drugs", Editors: O.
Benkert, W. Maier, & K. Rickels (Psychopharmacology Series 8), Copyright
Springer-Veriag, Berlin / Heidelberg, 1990:.
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within a switch or network (i.e. AIN) and/or through Local Number

Portability (LNP) methods.

Therefore, we request that the FCC adopt a public policy of

retaining 7-digit dialing wherever possible (with parallel 10-

digit dialing for the same line numbers), at least for those NXXs

in which individual line number(s) are assigned to substantially

the same entity in the surrounding geographic areas, since such

numbers are inherently portable and do not require an NPA to be

dialed. We anticipate that 950 and 555 numbers could be dialed as

either 7 or 10 digits. Thus the retention of seven digit dialing

for these numbers cannot have anti-competitive effects.

Both the Industry Numbering Committee (INC) and the

Information Industry Liaison Committee (IILC) (now NIIF) have

adopted resolutions of Issues which support and/or accommodate the

concepts in the proposed public policy recommendation.

The proposed policy does not affect the competitive balance

between Incumbent Local Exchange Carriers (ILECs) and Competitive

Local Exchange Carriers (CLECs) / since both the 950 and 555

exchanges (NXXs) do not "belong" to, and are not assigned to/ any

carrier or a switch, and the line number assignees choose their

own carriers (both exchange and access) .

The proposed policy recommendation is technically

feasible (and is generally the status quo dialing plan in most

Uniform Dialing Plan, INC 97-0131-017, par. 2.3, n. 1 (January 31, 1997);
IILC Issue 046 (NIIF 0005) (January, 1997); OBF Issue 1038; INC 96-0308-011,
par. 4.2.3, 3/8/96; ICCF 96-0411-014, 4/11/96; INC 94-0429-002 (May, 1994); The
FCC has stated that Industry consensus should not be overturned without cause.
(Southern New England Telephone Expedited Petition for Emergency Interim
Relief, Preliminary Injunction and S~~1' 1995 FCC 6687, Release DA 95-2141,
10/6/95) .
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areas (even in NPA overlays during "permissive" periods)), is

useful in mitigating the public difficulties with lO-digit

dialing plans in NPA overlay areas, and is in the public interest.

This request has the attention of the American

Association of Retired Persons (AARP) and the Alzheimer's

Association, and we believe that many of you who have children or

relatives with Alzheimer's would agree that such a public policylO

makes good social sense and is a public relations plus in areas

where there are NPA overlays being implemented. We plan to

encourage the development of services utilizing the 555 exchange

for assisting children, the elderly, Alzheimer's patients, and

others with memory impairments (i.e. depressed persons, and those

under medication which affects memory) .

Summary

We support the exemption request of New York. The FCC on

December 24, 1996, issued an Order which encouraged innovative

access, exchange, and information services, wherever ·technically

10 FCC: "I. Administration of the plan must seek to facilitate entry into the
communications marketplace by making numbering resources available on an
efficient, timely basis to communications services providers; 2.
Administration of the NANP should not unduly favor or disadvantage any
particular industry segment or group of consumers; 3. Administration of the
NANP should not unduly favor one technology over another. The NANP should be
largely technology neutral." (See In Re Proposed 708 Relief Plan and 630
Numberin Plan Area Code b Ameritech-Illinois, 10 FCC Reed. 4596 ( 1995); FCC
9 -19, Jan., 1995)), and: 4. Administration of the NANP and the dialing plan
should give consumers easy access to the public switched telephone network; 5.
Administration of NANP should ensure that the interests of all NANP member
countries are addressed fairly and efficiently, and foster continued
integration of the NANP across NANP member countries; 6. United States
numbering policy should be developed in a manner that fosters international
numbering consistency and interoperability.If (Reaffirmed and supplemented in:
In the Matter of Administration of the N9rth American Numbering Plan, CC Docket
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feasible". Many elderly, and young children, and thus likely other

memory impaired persons (i.e. Alzheimer's, depressed), have great

difficulty in the recall of 10-digjt telephone numbers. Thus, we

request that the FCC also Order that there be permissive 7 and 10-

digit dialing in all NPA overlay areas, particularly for the 555

and 950 exchanges (NXXs). The proposed policy recommendation is

socially desirable, is useful in mitigating NPA overlay impacts,

is technically feasible, and is in the public interest.

Industry consensus is consistent with the essential elements

of the proposed policy.

We hope that the FCC will have an opportunity to encourage a

public policy which is desirable, feasible, and makes social sense

which will be understood and appreciated by millions of

telecommunications consumers.

( 1£JfLt-if
Richard C. B~~
President

~iP 11YJ
Ri r B~~~~~
Individually

No. 92-273, Release: CC Docket 92-273 (July 13, 1995)).
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Certificate of Service

I, Richard C. Bartel, hereby certify that this Comment and
Petition was filed with the FCC and mailed to the following on
this 9th day of March, 1998:

Lawrence G. Malone, General Counsel
Public Service Commission of the State of New York
Three Empire State Plaza
Albany, New York 12223-1350
Attn: Cheryl L. Callahan, Assistant Counsel

Alan Hasselwander, Chairman
North American Numbering Council
C/o Chief, Common Carrier Bureau
1919 M Street, N.W.
Washington, D.C. 20554

(NANC)
FCC

/

,,;b//~
Richard ~~~~l
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Age Differences in Everyday Memory:
Laboratory Analogues of Telephone Number Recall

Robin L. West
University of Florida

Thomas H. Crook
Memory Assessment Clinics. Inc.

Bethesda. Maryland

Three.experiments were conducted to examine age differences In memory for telephone numbers
by adults ranging from 18 to 85 years of age. [n the first Z studies, USIng visual simultaneous
presentallon. age declines in immediate recall were evident on 100digit numbers. but not on 3-digit
numbers. With"·digit numbers. the youngest group performed significantly better than the oldest
(70-85 years) group. In the second study, more marked age declines occurred when subjects had to
redial a number after a busy signal. The third experiment replicated the observed aging pattern
with auditory sequenllal presentatlon. Also. chunked presentallon of iocal telephone numbers
resulted In high performance for old and young 10 sequenllal recall. The findings were discussed in
relauon to task processing demands Jnd practIcal ,ssues related to telephone number recall.

In recent years. there has been a call for studies of everyday
memory in the elderly because unfamiliar laboratory tests may
fail to show true age-related performance patterns (Sinnott.
198'+), For example. investigators have begun to examine pro­
spective memory (West. 1988), grocery list recall (Read. 1987).
spatial memory in familiar environs (Kirasic & Allen, 1985),
and memory for a phone dial (Foos. 19891. Initial attempts to

study everyday skills have shown that older adults' performance
on familiar tasks. comparable to everyday experience. is often
better than on laboratory tests (West. 1986). With that in mind.
this research expands the study of everyday tasks into a new
domain. telephone number recall. This task was selected be­
cause it has high face validity as a reflection of everydav cogni­
tion and because it is related to the digit-span task. for which
there are considerable age-related data. A laboratory analogue
format was used because it has the advantage of retaining some
degree of control over encoding and retrieval conditions while
retaining some degree of generalization to real-world experi­
ence (Mook. 1989).

Almost no research has been conducted with telephone num­
ber recall tasks. The closest laboratory task is the digit-span
task. Mixed evidence exists for age decline on the digit-span
L"~;"'. Sum,; In"';~l1gal\)rs ~mpha~lzt:u lnal agt: Jt:ricits are pre~­

ent (e.g~ Mueller. Rankin. & Carlomusto. 1979; Taub. 1975),
and others concluded that there are no reliable age differences
on the standard span task (e.g~ Gilbert & Levee, 1971: Inglis &
Caird. 1963: Parkinson, lindholm, & Urell, 1980). One possi­
ble reason for the discrepant conclusions may be found 10 Bot­
winick and Storandt's (197'+) report. They consistently found

ThiS research was supported in part by Gram AG060 14 from the
National [nsutute on Aging. SpeCial thanks to Anastasia Zadelk and
Adnan Tomer lor assistance with the data analysis. Robin L. West and
Thomas H. Crook made equivalent (ontributions to thiS article.

Currespondence concerning this uude should be addressed :0
Robin L. West. 114 Psychology. Umverslty of Florida. Gamesville.
Florida 3261 \.

significanl age differences in performance on the digit-span
task. but these accounted for less than 10% of the vanance in
pertormance. Gilbert (J 941) also reported that older adults of
higher Intelligence JutperIormed the younger group on the
digit-span task. Ifage is not the strongest determinant of pertor­
mance. variations may occur from study to study, depending I)r

encoding and retrieval conditions and sample charactenstics.
Inconsistent age patterns on studies of the digit-span task

have led to arguments concerning the extent to which the task
taps working memory capacity. The absence of age differences
on the standard digit-span task has been taken as one indica­
tion that primary memory capacity is not affected by age
(Craik. 1977: Welford. 1980). Other investigators have focused
on the data showing deficits and have argued that memory
spans decrease with age as a function of decline in working
memory capacity (light & Anderson. 1985). From this perspec­
tive. working memory is defined as the simultaneous storage
and manipulation of items in memory, and it varies along a
continuum. A standard digit-span task probably does not re­
quire such manipulation for the below-span items. which do not
require a significant working memory demand (Craik & RabI­
nowitz. 1984). There are data to suggest that standard digit­
span tasks are omy weakly correlated with other mdicants ot
working memory (e.g~ Wingfield. Stine. lahar. & Aberdeen.
1988). As the number of digits increases to the level of one's
span and longer, however, duplication of the series duri ng recall
requires manipulation as well as storage because the subject has
to maintain the serial order of the initial digits as later digits are
being presented (cf. LIght & Anderson. 1985: Parkinson. Lind­
holm. & Inman. 198:: TaJland. 1968). From this perspective,
working memory load will be higher as the number of digits
increases and as more transformations of the information are
required during storage. [n line with this interpretation. meth­
odologies that do not require correctly ordered recall can el imt­
nate age differences in digit-span task pertormance lound with
standard scoring me:hods (c~·. C:·ook. Ferris. ",rcCarthy, &: R:le.
1980: Friedman. 19 7 '+), and age differences increase with
higher demands tor serial accuracy (Talland. 1968) Thus. we

(3~;<) '391-1 tJ3/ ':0
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PHONE NUMBER RECALL 521

expected to find age differences increasing as a function of
processing demands in this study.

Standard digit-span tasks rarely challenge subjects to go
beyond their span. Instead. such tasks are used to identify the
length of an individual's span (Talland. 1968) and involve a
different form of testing than rec:lll ofdigit series. It is clear that
supraspan tasks (requiring the serial recaJl of 3-15 digits) are
more difficult for older adults and usually result in more dra­
matic age deficits (e.g~ Drachman & Leavitt. t972; Taub.1973).
There is no disagreement that such tasks go beyond primary
memory capacity (Parkinson et al.. !982), require more strate­
gic manipulation of items (Waugh & Barr. 1980). and thus are
more likely to reflect worKing memory (Craik & Rabinowitz.
(984). Average spans. across age. are generally between 5 and 6
digits. Thus. memory for telephone numbers. requiring the re­
call of 7 digits. is right at the border between span and supra­
span for many individuals. Generalizing from standard digit­
span tasks would suggest that older adults could recall most
telephone numbers easily because their spans. per se. are often
similar to those of younger adults (e.g.. Bromley. 1958). In con­
trast. generalizing from studies using supraspan tasks would
suggest that older adults would have memory difficultIes. espe­
cially on tong-distance numbers (Craik. \968) Alternatively.
telephone number recall may not show age declines bec:lUse it
is a familiar. everyday activity: on such a task. older adults mav
have learned ways to compensate for their memory deficits
(Backman. 1989). This laboratory analogue stud:: mav shed
some light on which of these conclUSIOns IS appropnate for
telephone number recall in the elderly

In addition. understanding age-related changes In telephone
number recaH is important because memory tor phone num­
bers has high tace validity for older adults. [f it is an age-sensi­
tive test. its face validity makes it J. useful e;(perimental test fur
examining variables that influence age-related changes in mem­
ory. On Iv one earl ier study presented number series as :lre:l
codes or telephone numbers for recall. :--.rormal elderly adults.
young adults. and memory-impaired elderly (Crook et aL 1980)
were shown series of 3. 7, or 10 digits. presented visually (and
subjects read the items aloud) in a chunked presentation !3--4 or
3·3.... ). Age differences varied with type of retnevaI. When sub­
jects were asked to fill in I missing digit In a series. y.ounger
adults were comparable with normal elderly adults on all items
but performed significantly better than the impaIred elderly on
the 10-digit items. The same effects occurred when retrieval
involved verbal repetition of the digits in order, except that the
young adults and normal elderly performed better than the
memory-impaired elderly on 7-digit numbers. When retrieval
involved telephone dialing, the young adults consistently out­
performed both older groups.

The laboratory analogue studies presented herein examined
the age-related impact of varying retrieval and encoding condi­
tions on telephone number recall. In the first study, the inclu­
sion of a large number of subjects (N = 715) across a wide age
range 118-85 years) permitted the examination of age trends to
identify the age at which telephone number recall becomes dif­
ficult.-\. wiue age range and long digit senes were included in
only one earlier study (Talland. 1968). [n Experiment 1. we :llso
attempted to replicate the results of an earlier investigation
(Crook et al.. 1980): The items 3dmmistered lor immediate re-

call consisted of3, 7, or 10 digits. identified as area codes, [ocal
telephone numbers. or long-distance telephone numbers, re­
spectively, In this study. however. we examined age deficits in
telephone number recall under conditions in which strategic
chunking was not provided.

Experiment I

Mechod

Subjects. CommuOity-dwelling subjects were recruited by newspa­
per advertisement In the Washington. DC. area to participate in mem­
ory testing. The partiCipants were divided into age groups of 18-39
(youngest), ~~9 (4Os) , 50-59 (50s). 60-69 (young-oldJ. and 70-85
(oldest) for study, to identify the age decade at which decline occurs.
StatiStiCS for the sample characterIStiCS are given In Table t. Induding
scores on the Wechsler Adult Intelligence Scale (W.A,IS) vocabular)
test (Wechsler. 1955). Prospectlve parucipanlS were screened for ade·
quate current health status with a personal hlstorv questlonn:ure. to­
cuslng on phvslcal. psychIatric. :lnd n~uroioglc hIstory. and completed
a depression scale (Yesavage et al.. !983). There were no Significant
age·group differences in years of education. but there were significant
differences In the WA JS Vocabulary scores. Ff.+. 660): 3.8. p < .005. ",,'
; 02. shOWing an increase with age 1-+0 subjects did not complete the
voc:lbulary scalel. Persons taking anticholinergic mediCines or those
With diseases clr chroniC health problems that mIght :lrfec! memlJr'.
pertormancc le.g.. stroke...kpresslOn. :lnd head InJurYl were e:tcluckd.
The sample Included no more than :l handful of students. These sub­
Jects represent health\' communn\'-dweiling .olunteers uf .111 .1ges.

.•/alimals and procedures. Allto-be-remembered mformatlon was
presented on a laser-dIsk computer.•ynh .1 rouch-sensitIve monitor.
The :elephone-dlaling task was :ldmlOistered as part ofa 90-min hat­
ter\, or'everydJY memory analogue tests ICrook & L.1rr:1bee.1988J. The
telephone task was presented earlv in the battery, after the completlon
ofself-report questlonnalres. Participants were :lSked to n:ad .11oud an
enure digit series as It was presented (simultaneously) on J computer
mOOitor. ThiS retleets a visual I plus audnory) presentation. After the
senes was read. the screen cleared . .1nd there was an immediate recall
test ,n which subjects dialed a standard push-bullon phone mterfaced
wuh the computer. Subjects were presented with 3.7, or 10digllS in this
self-paced manner: there were \2 digit senes. 4 of each length (the
length of the series on anv given tnal was determined randomly). Spe­
cific digtts were selected randomly. With the e~ception that Washington
:uea codes and e~changes were excluded.

Results and Discussion

Ordered recall. Responses were scored in an ordered rec:l1I
format: Each digit in the recall sequence was compared with J
corresponding digit from the encoded sequence (in order). and
one point was given fur each match that occurred. That is. a
recalled digit had to be in the correct output order for credit to
be given. For example. if the digit series was 651-o91~. a re­
sponse of 65 3-0914 would represent a score of 6. and 653-9014
would receive a score of 4. The dependent measure was the
average number ofcorrect digits on the four trials for each series
length.

The scores for series oD. 7. and 10 digits were examined in :l
multivariate analysis of variance that revealed age-group differ­
ences. F(12, 1130) = 10.3, P < .001. Univariate follow-up tests
showed no significant differences on the 3-digit series (p > .10):
all groups pertormed Jt ceiling. Significant age-group differ-
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NOle. WAIS = Wechsler Adult Intelligence Scale: WAIS-R = revised
version ofWAIS.

ences occurred on the 7-digit series. F(4. 710) = 3.9, p < .005.
w2 = .15. and the IO-digit series. F(4, 710) = 11.4, P < .0001,
w1 =.25.

Age differences varied as a function ofseries length. Post hoc
comparisons (Schefte test, p < .05) indicated that the only sig­
nificant difference on the 7-digit series was between the youn­
gest and the oldest groups. The correlation between age and

Table I

Sample Characteristics

Variable

n
Age (yearsl

~I

SD
Education

.vl
SD

Gender
Male
Female

WA1S Vocabulary
JI
SD

n
Age (yearsl

JI
SD

Educ:ltion
JI
SD

Gender
\IIale
Female

W-\[S Voc:lDubry
.\1
SD

n
Age (yearsl

!H
SD

Educauon
M
SD

Gender
Male
Female

WAIS-R Infonnation
M
SD

Age group (years)

18-39 40-49 50-59 60-69 70-85

Experiment 1

92 79 217 220 107

30.5 443 54.4 64.6 73.0
5.2 2.3 2.3 2.3 2.3

153 16.0 16.0 15.6 15.7
2.4 2.6 2.3 2.3 2.9

41
,.,

76 34 45
51 55 141 136 62

57.9 602 62.3 62.2 62.5
to.8 10.6 95 9.- lO.9

E.werimenl 2

244 74 197 2!: 105

14.5 44.5 549 6.39 " -! j.;

73 26 3.0 2.3 3.9

14 .. I 'cl 16.3 153 15.3
2.0 :9 ' - :.3 3.0

118 ,- 7.. 10: ..9
1::6 ..7 1'- 110 56-~

58.3 6::.9 64.3 64.0 66.0
9.3 4.0 9.6 9.: 8.3

Experiment 3

Age group (years i

18-30 60-80
t 16 116

18.7 68.1
:.3 5.3

12.8 14.5
l.l 3.0

3:: 39
84 , ,

18.5 22.3
4.7 4.3

ordered recall was - .16 ( p < .01 ) for the 7-digit series and - .28
(p < .001) for the 10-digit series. On the IO-digit series. the
youngest group and those in their 405 performed better than
the young-old and the oldest group (see Table 2). Also. the
group in their 50s performed better than the oldest group.

These results replicate the findings of Crook et at. (1980),
who found that digit recall involving telephone dialing showed
a performance decline with age between oW years and 60-85
years. Consistent with our data. those differences were evident
on both the 7-digit and 10-digit series. On the basis of these
results. it IS likely that the oldest subjects among the elderly
normal group in the earlier study were most likely to have
difficulty with the "7 -digit series. It should be noted that these
results are not confounded by student status (Riley & Meyo.
1988~ Zivian & Darjes. 1983) because there were virtually no
students In the experiment..-\11 age groups were recruited in the
same manner with the same sampling procedure.

Interpretatton of the absence of age differences (until age -0)

on local telephone numbers is difficult because of ceiling ef­
fects in these data. With the youngest group. 70% had an aver­
age score of" Approximately 60% of groups in their -lOs and
50s performed at ceiling. and 50% among the young-old. and
-Ii % performed at ceil ing among the oldest participants. An
exammation ut' differences in these proportions with [he use ut"
Fisher's procedure (Guiltord. 1965) Indicated that the youngest
group contained a SIgnificantly higher proportion of perfect
scorers than did groups in their 60s or 70s (both ps < .00 I I.

That is. the younger adults were more likely to dial a number
correctly on their ftrst try.

The tYPical way to correct lor ceiling effects. by adding
Items. IS not appropnate with this ecological task. given that S­
and 9-digit phone numbers arc not used m this country. There·
fore. non parametric tests were also conducted to determine
whether the distributions of subjects from varying age groups
were similar on the 7-digit numbers. The Kolmogorov-Smirnov

procedure was used because it is sensitive to any differences

Table 2
Experiment 1 Correct Recall on the Telephone Dialing Test

Series length (digits)
Age group

(years) 3 10

18-38
JI 2.98' 6.74' 7.66'
SD 0.13 0.5! lSI

4O-N
JI 2.95' 6.74" • 7.46'
SD 0.21 0.42 1.57

50-59
.1,{ 2.95' 6.63' • 7.l5 J.. ~

SD 0.17 0.62 1.58
60-69

JI 2.94' 6.55"· 6.73b
.

c

SD 0.l9 0.65 1.63
70-85

M 2.93' 6.47· 6.42<
SD 0.21 0.71 1.65

NOle. Within each column. entnes that are not sigmficantly different
share J superscript.
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between the two distributions and tests whether the two sets of
data derive from the same population (Siegel & Castellan.
1988). Each age group was compared with all other age groups.
Because of the number of comparisons (10) involved. p < .005
was used as the required level for significance. These results. in
general. venfied the earlier conclusions. The only significant
differences were between the youngest group and the two older
groups. There were no significant differences in the middle
years (all ps > .25).

The pattern on the IO-d igit series showed earl ier age deficits
than did the '7-digit series in the initial analysis. On the [a-digit
series. and in the nonparametric analysis of the "7-digit data.
age-related decl ines were ~ident after age 60. and performance
stability was present up to age 60: that is. the young and middle·
aged adult groups did not show statistical differences in scores.
It is eVIdent that recall of phone numbers will show age declines
in the older \ears.

It would be :empting to conclude from these findings that
few prohlems with telephone :lumbers should ·)Celr ror lJult·,
Ulluer age 0U in e:\<:r:.aa:- lite. One prooiem with that conclu­
sion IS that the ExperIment I test did not present an:- recall
difficulties or delays like those that might occur in an e:\eryda\
environment. Interruptions dunng telephone dialin~ are ~

common occurrence and may have many sources: Someone
knocks nn 'he door )5 the dialer hegms '0 dial. ,)r the .~iale:'

begms to consi(jer what he or she wants to say. but the ime is
bus\ and he or she has to redial. .-\ge-related patterns of pertor·
mance could vary With interruptions. To investigate this in Ex­
periment::. a briefinterruption occurred In the form of.l bus\
signal. and :he subject had to redial the :lumber. The etfect ()!.

thiS manIpulation was measured by comparing correct recall
betore Jnd after the signal. It was e.~pected that middle·aged
Jnd older adults would be partlcularlv disadvantaged b;: the
presence of a distracting signal.

Experiment :2

He/hod

Subjects. Subjects were recruited and screened in the same way as In
E.~penm<:nt I. and their demographiC characterIStics were simtlar (Ta­
ble 1). There were no signiricant dilferences in ~ducation as a function
of age group. but WAIS Vocabulary scores improved with age. F(4.

6i5) = I~A. P < .000 I. j = .06 (forthe 680 subjects who completed the
vocabulary test).

Jfatl!nals and procedures. The admlnlstr:ltion of the telephone
dialin,? ;e,I·';.I$ the same as In E.~periment 1. With the e.~ceptlon ofa
busv signal on some trials. Also. no 3-digit series were presented. Six
i-digit series and 'ii~ IO-diglt series were given. Subjects could not
always antiCipate that the line would be busy. Busy signals were present
on tour of the Sl~ trials. Belore testing began. the subject was instructed
to "hang up and dial again" if a busy 'iignal occurred.

Results and Dcscussiun

Ordered recall. Average correct recall before (first dialing)
and after (second dialing) the busy signal were calculated as
dependent measures for the tour trials on 'Nhich the signal oc­
curred. wllh,eparate measures lor the 7-digit and 10-digit ~e·

.-Ies. ')r.: ... r:,~ :'i,:c:lll;cores ''''l'rC: ·~:J.iL'ulald :lS in E.~pe~ime~t :
These Jat:J. were exam ined-"Ith ,enes (-- or IO-J igit seriesl as

a multivariate variable, with age group as a between-subjects
vanable and signal (before or after busy signal) as a within-sub­
ject variable. There were significant effects for age group. F(8.
1654) = 17.5. P < .0001; Age Group x Signal interaction. F(8.
1654) = 10.9. P < .0001; and signal. F(2. 826) = 1.176."1. p <

000 1. Univariate tests examining the effects of age and signal
on the two tests confirmed that the impact of these variables
was comparable for 7- and 1O-digit series. On the 7-digit series.
significant differences based on signal. F(I. 827) = -+87.1. p <
.000 I. w~ = .15. and age. F(4. 827) = 14.1. f.' < .00 I. w~ =03. were
superseded by their interaction. F(4. 82"1) = 15.8. P < .001.
u.: = .02.

Post hoc :lnalyses (Schetre test. p < .05) indicated that Signal
effects were significant lor all groups. Age differences were not
apparent betore the signal except that :lJl other groups per­
formed better than the oldest group. There was :J. Significant
difference Jfter the signal :lmong all age groups. :lnd 80st hoc
tests re\ealed decade-b\-dec:lde decline in teiephone number
:e'::11! llnrl~r !h:.?<;e ''''nc!i::()n'' RI' ~,,~!..,-:, ,.~ """. ' .... r· ,

reers on rec:l11 betore the busy signal. nonparamemc rests were
-llso conducted. These tests. using the Kulmogof(w-Smlrno,
-In.li:-S1S :lS Jescnbed e:.lrlier. also ,hawed no -lge Jlrfe~en~~s

berore ,he slgn:.ll.-\fte~ the signal. all sroups exce:pt :(lr the:
voung-old performed better than the oldest group (al [ os <

,I)" In J"':dltion. :h, .oungesl '~roup pc~:()rn1cL! 1(tk~.h-l""

theioung-.JIJ i p < tJO~I. These results 'contirmeJ ;:lat Js':: J Ii·
,'er>:nces In recJl1 were present after ..In": ~o[ her'ore the

"gnal.
In ,:antr:lst With E.~periment I. there W:.lS no Jgc erfect em :h~

-·dlg:t ,e,:es In thiS ~\penment {that IS. be:ore the slgn:ll) In
Expenment 1. age differences on the "1-Jiglt series accountd
tor i 5"'0 of the vanance. In this experiment. howe\er. they were
not )Ignificant. The reason lor this difference is not clear: the
two samples wen: recruited in the same Wa\. :Ind test Jdmlnts­
tratlon was similar. Perhaps foreknowledge Jbout a potenu:.l[
busv Signal tncreas~d the vigilance or concemratlon l)f the ,)Id­
est subjects. permitting them to perform somewh:.lt better! n
Expenment 2.

On the la-digit series. the Age x Signal interaction was com­
parabie with that observed with the 7-digit senes. FH. 82-') =

9 I. P < .000 I. w~ = .0 I. and the main effects were stronger tor
age. F(4. 827) = 34.1. P < .000 l. w~ = .08. and tor signal. Fil.

82"') =;.092.6. p < .000 I. w~ = .29. According to post hoc tests.
the interaCtion was Jue to :arger age dirti:rences after the signal
than before it. Before the signal. the three young to middle-aged
groups pertormed better than the young-old and oldest groups.
After the signal. aJl age groups differed. except that the youn­
gest group performed nu better than the 40s group and the 40s
group performed no better than the 50s group. The Signal effect
was significant ac~oss all groups (see Table 3).

-\5 before. interpretation of the 7-digit series is compl icatd
by the presence of '~ej Iing effects betore the SignaL In this CJse.
however. the Age;' Signal interaction of interest was present dn
the i a-digit series as well. suggesting that the interaction was
not due solely to ceiling effects. Also. nonparametric tests con­
firmed the nature of the interaction. These results indicate :h:lt
inc"~:lsed processing ':c:rr.:lnJs (in :his c:.Ise. b~. :nc!u~lr:~:l dis­
t!'"::"C";d!1l'_"Jn'S'..: ~~~:.: ;.:;:r,'; ;J~ttl",·r';1. resultIng !n mf")r,,?,~~r'ICi\tC'!l[

declrne:.
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Table 3
£"Cperiment 1: Correct Recail Before and After a Busy Signal

Before After
Age group

(years) 7 digItS 10 digits 7 digits 10 digits

18-39
J/ 0.7' 7 ~. 6.2l: 5.0"./

SD 0.6 J.5 4.0 2.0
4()-49

Jf 6:7 a 7.7" 6.0'"' 5. Id. r

SD 0... 1.5 1.0 :.0
50-59

....( 6 ., • 75" 5.9'" , ".S'.'
SD 0... 1.6 1.1 [.'4

60-69
J( 6.6' 7.0' 5.6" h ... 1
SD 0.5 1.6 14 1.9

70-85
J[ 6.5 • 6.':' 5.1 h ' ,

J.";'

SD 0.1 1.6 1.5 1.8

.VOIt! Entries that are significantiv different share a superscnpt

There are several possible interpretations of the larger age
differences after the busy signal. -\dditional time passed be·
tween presentation and recall after the busy signaL and recall
had to be performed twice. Although these factors may have
influenced the presence of larger age differences. we favor an
attentional explanation. The signal probably acted as J dis­
tracter. taking attention away from the immediate processing
of items in memory. There is clear evidence that older adults are
more susceptible to such attentiona! distractions (Plude &
Hoyer, 1985). The significant impact of the signal is strlkmg,
given that subjects might have anticipated or prepared ~or the
busy signal under the conditions of this experiment. Under
ecological conditions. preparation would not typically occur.
What is most.. interesting is that the distracting signal signifi­
cantly changed the relationship of the young and middle-aged
groups. revealing an age deficit at a much younger age than
found in Experiment I. In fact. with a distraction present. age
declines were apparent at each successive decade.

These results indicate that age differences will probably oc­
cur with long-distance phone numbers that include are:J. codes,
but they may be less apparent for local calls. The initial investi­
gation of7-digit numbers was replicated by the findings of the
second study. No age changes were present before age 60 in :lnY
of the results using standard presentation. Thus, immediate
recall of local telephone numbers is not an age-sensitive test.
Under ecological conditions. when many of the e~changes are
well known. and there is little item-to-item interference. age
change might be expected to occur even later. In contrast. recall
of long-distance numbers is an age-sensitive test that could be
used in applied or experimental settings. On the basis of these
large-sample data. healthy adult volunteers should not show
declines in telephone number recall before the 60s when tested
without a distraction.

One additional investigation was c:J.rried out to confirm
these findings and to identifv varvlng conditions that might
alter skill kvels on this task. The:: two Investigations we have
described involved Visual <;Imultaneous presentation ofJ phone

number that subjects read from a computer screen. This is anal­
ogous to looking up a number in the telephone book and then
reading it aloud. Subjects processed the number both visually
and auditorily. It is possible that this form ofpresentation is less
problematic for older adults than auditory sequential presenta­
tion (analogous to hearing a telephone number given by the
operator). The next lnvestigation used auditory sequential pre­
sentation of telephone numbers to replicate and extend the first
two studies.

Some investigators have found that modality differences are
Important in older adults' recall performance. with greater age­
related decline reported for the visual modality (Bromley. 1958:
McGhie. Chapman. & Lawson. 1965). Others have not tound
an Age < Modality effect (Botwinick & Storandt. 197~: Tal­
land. 1968: Taub. 1975) or have reported more problems tor
older adults with the auditory modality fCraik. 1968: Gilber:.
1941). With a digit-span task. \\laugh and Barr 1.1980) compared
visual and auditory presentation (both sequential) of 9-Jiglt
senes. Both groups recalled more auditory digits. Older and
younger subjects benefited from grouping or chunking :n the
auditory mode. but older adults did not benefit from chunkmg
In the visual mode. The authors concluded that subjects pn­
marily used a verbal code to recall numbers. With visual presen­
tallon. they had to trtlOslJte the visual intormation Into a '.erha:
code. Waugh and Barr argued that thiS translation process \Vas
slower for older adults. and thus they were unable to beneht
from groupIng 10 [he VIsual mode. Cralk 11968) also reported
Increased difficulty tor older adults in integrating verbal mate·
rial IOto strategicJll~ ..:hunked items in immediate reG!!1.

ThIS literature suggests that modality and chunking may ;11'­
fect age differences. Thus. it is important to replicate the earlier
findmgs. using auditory sequential presentation and chunking.
ThIS was done in the third experiment. in which a human VOIce
inste:J.d of a computer screen presented the digit series. Four
conditions were compared in this final scudy. with pam of con­
ditions designed to address specific questions. First. number
senes presented as telephone numbers without chunking were
compared with numbers having chunked presentation. We hy­
pothesized that chunked presentation would improve scores.
especially for older adults. Two other conditions could be com­
pared to determine the impact of verbal recall as opposed to
actual telephone dialing. An earlier study indicated that verbal
recall might be less difficult for older adults (Crook et a!.. 1980):
thus, the expectation was an interaction of age and recall reo
quirements. Finally, this study compared the recall of numbers
presented as digit serres with the recall of [elephant! numbers to
determine whether the familiar task label per se would ;1tfect
performance.

Experiment 3

,Vethod

Subjects. Given the results obtained earlier. this investigation in­

cluded only one younger and one older subject group. The subjects were
116 younger students and 116 older adults (see Table 1for sample char·
.KtCrlSl,csl. wllh 29 InLllvlduals randomly asSigned to e;Jch cunu't1vn.
Oldc:r I nd ;,·,UU;J!s ·.-crt: rccr'-111CU :" :1c'.\spaper .lei'. :'"

small southeastern communllV and were e:\c1uded lor he:.lllh·relatcd
problems:.ls ,n tbe ~rst two invcst,gallons. Thc Dlder ..u.lulls ,1.lu>lgn II',



PHONE NUMBER RECALL 525

cantly more education, F(I, 230) '" 32.2, p< .OOOI,ur= .12., and higher
WAIS-R (Wecbsler,198l) Information scores than the younger group,
£(1,230) '" 6.0, p < .01, wZ '" .02.

MaurUlls and procedures. Participants were asked to recall four
7-digit and four IQ-digit numbers under four conditions determined by
random assignment. Each number was followed by immediate verbal
recall, then the next number was presented, and so forth. The digits in
the series were randomly assigned, with the exception that no 2 consec·
utive digits were identical. Also, alllO-digit numbers were constructed
with the second digit as a 0 or 1 to match area<ode characteristics in
the American telephone system. Local area codes and exchanges were
excluded. In all conditions, a practice task was given to ensure that the
directions were understood before proceeding.

The telephone memory task was administered as part of a 30-min
battery offour laboratory analogue tests ofeveryday memory. All tests
were preceded by a memory self-report questionnaire. The presenta­
tion order within the battery was controlled by four randomly derived
sequences. There were no performance differences as a function of
order. so all data were combined for presentation.

Four different conditions were examined: (a) In the :',f (numbers)
condition. subjects were asked to recall ~some sets of numbers" and
were told, ~Some ofthe number sets are longer than others. After ( give
you each set of numbers. you are to repeat them back to me." The
presentation procedures followed the rules of digit-span administra­
tion on the WAIS-R (Wechsler. 1981), with a presentation rate of
digit per second and no chunkingof digits. (b) The T condition varied
from the :',f condition only in that the content was described as tele·
phone numbers. Subjects were asked to recall ~some phone numbers
Some of the numbers will be 10cllI, and some will be long distance."
Administration and testing were identical to procedures in Condition
N, as were the actual digits used. (c) In Condition TC (telephone­
chunked). the telephone numbers were chunked during presentation.
The first 3 digits were read, there was a pause. and the next 4 digits
were given. chunked into two sets of:! digits. In a IO-digit series. the
area code was also read as one chunk. The total time that elapsed from
first to last digit was maintained at 6 s, as in Conditions Nand T (or 9 5

on a IO-digit number). by pacing the digits closer together within each
chunk, then pausi~g between chunks. (d) In the final condition (TCD.
telephone-<:hunked-dialed), subjects were asked to dial each number
on a telephone after it was preseiued and to verbally recall the number
as it was dialed. Item presentation in Condition TCD was the same as
that forTe.

Age differences were expected to vary as a function of memory
demand. Although the greater familiarity ofa telephone number recall
task could lead to higher performance in Condition T than in Condi­
tion N overall. the memory demands of T and N were comparable.
and therefore age differences should be comparable on the two tasks.
The two conditions with chunked presentation (TC and TCD) had
reduced encoding demands (relative to Conditions N and T) because
strategic chunking was supplied by the experimenter. At the same
time, the TCD condition had a dual retrieval requirement (verbal re­
call and telephone dialing). Thus, with the expectation that older
adults perform better when the fewest spontaneous operations are re­
quired, age differences should be smallest under chunked presentation
with verbal retrieval (TC).

For further validation of our findings. three different sconng meth­
ods were used to check for measure convergence. For all three meth­
ods, scores were recorded separately for 7-digit and lQ-digit numbers.
The first method was an ordered recall measure as used in Expen­
ments I and 2. The second was a sequential recall measure used in
earlier research by Drachman and Zaks (1967) as a way to reduce the
influence ofchance on the scores. The first and last digits were given a
point or points, if in the correct position, as were correct digits adjacent
to the first or last digit. In addition, any correctly ordered sequence ofJ

or more digits was scored as correct. The third scoring system was the
most stringent. Here, we tallied the number oftotally correct series­
every digit in its place (comparable with WAIS-R Digit Span scoring).
Although this correct recall measure had a restricted range (scores
varied from 0 to 4), it was a useful reflection of real-world difficulttes:
in practical situations, if even I digit is incorrect the number has to be
redialed.

Results and Discussion

Multivariate analyses of variance were conducted for each
scoring method. In each analysis, scores for 7- and IO-digit num­
bers were the dependent measures, with age and condition as
between-subjects variables. All reported results were signifi­
cant at p < .05 for primary analyses. and Scheffe post hoc tests
(p < .05) were used where appropriate.

Ordered recall. Multivariate tests were significant for age.
F(2, 223) = 31.2, p < .0001; condition, F(6, .+46) = 11.9, P <
.000 I; and Age x Condition, F(6, 446) = 4.7, P< .000 I. The
univariate follow-up tests indicated that age. FO, 224) = 30.0.
p < .000 I, w2 = .09; condition, F(3, 224) = 18.0, P< .0001. w2 =

.16;and their interaction, F(3, 224) = 6.0, p < .05. w1 = .05. were
significant for the 7-digit numbers. However. only age effects.
F(l, 224) = 54.2. p < .000 t. wl =.l6, and condition effem. Fr3.
224) = 16.6, p< .0001. w2 = .14, were significant for the 10-diglt
numbers.

Post hoc tests showed that older adults performed signifi­
cantly worse than younger adults on the 10-digit items. Jnd
overall performance on the IO-digit items was greater in Condi­
tions TC and TCD than in Condition N and greater in Condi­
tion TC than in Condition T. The results of post hoc compari­
sons indicated that the identification of numbers as long-dis­
tance telephone numbers had no effect on performance
because Condition T performance was not significantly higher
than perfonnance in Condition ;..I. The results suggested that
chunking affected perfonnance because of the difference be­
tween Conditions TC and T. Conditions TCD and TC were
comparable. indicating that the requirement to dial the tele­
phone did not make recall of the lO-digit numbers any more
difficult. These condition effects operated in the same way for
old and young.

With 7-digit numbers, post hoc tests indicated that age dif­
ferences varied as a function of condition. Older adults per­
fanned significantly worse than the young (p < .0 I) only in
Conditions Nand T, where items were presented without
chunking. Also, all conditions led to comparable scores for the
young on the 7-digit numbers, whereas the older adults per­
fonned significantly better in Conditions TC and TCD than in
Conditions N and T (see Table 4). These results indicate that
the familiar label telephone numbers did not result in a signifi­
cant improvement in verbal recall perfonnance because Con­
ditions N and T were comparable for both age groups.

To check for the impact of proactive interference across the
series of numbers presented, analyses of the ordered recall data
were repeated with trials as a separate variable. In this case,
each trial was one item that was presented to the subject. These
results demonstrated that performance declined as a function
of item. with lower scores on the later digit series than on the
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only if all digits were recalled in the correct order, a require­
ment for accuracy in practical circumstances. This represents a
more demanding retrieval requirement than the other mea­
sures. Nevertheless, convergence occurred, with the multivar­
iate analyses showing the same pattern as before. Significant
effects occurred for age, F{2, 213)'" 15.4, P < .000 l; condition,
£(6,446) = 5.2, p <.000 1; and their interaction, F(6, 446)'" 3.8,
p < .00 I. The univariate analyses revealed significant effects for
age, F(l, 224) = 18.0, p < .0001, wI: .06; condition, F{3, 224) =
9.3, p < .0001, wI = .09; and their interaction, F(3, 224) 0= 3.6,
p < .05, "i= .03, for 7-digit numbers. For lO-digit numbers,
significant differences occurred for age, F(l, 224) = 22.4, p <
.0001. w2 = .08, and condition only, F(3. 224) = 4.1. P < .01,
w2 = .04.

Because of the restricted range of this variable (0-4), chi­
square analyses were also conducted. These analyses were cal­
culated separately for age effects and condition effects (there
were too many empty cells to reliably test the Age x Condition
matrix) with each specific score (0, I, 2, etc~ as the dependent
variable. These chi-square analyses confinned that significant
age differences occurred for the 7-digit numbers. x2(3. 228) =

19.2. P < .001. and for the IO-digit numbers, x~3. 228) = 28.3,
p < .00 I, and that significant condition differences occurred
fOr the 7-digit numbers, ;(2(9, 222) = 37.0, P < .00 I. and tor the
to-digit numbers. ;(2(9. 222) = 23.6. p < .005.

Ordered recall Sequential recall

Age group N T TC TCD N T TC TCD

7-digit numbers

Younger 6.2 6.6 6.7 6.7 6.2 6.5 6.7 6.7
Older 4.8 5.4 6.6 6.4 5.1 5.5 6.6 6.4

M 5.5 6.0 6.6 6.6 5.6 4.9 6.6 6.5

I<M1igit numbers

Younger 4.6 5.9 7.3 6.9 5.0 5.5 6.8 6.2
Older 3.4 3.7 5.5 4.4 4.2 4.0 5.2 4.4

M 4.0 4.8 6.4 5.6 4.6 4.8 6.0 5.3

Note. Conditions were as folloWl>: N = number series; T = numbers
designated as telephone numbers; TC = telephone numbers chunked:
TCD = telephone numbers chunk.ed and dialed.

Table 4~!;';~" . .3~, ,.

Experirrie1it 3: Ordered Recall and SequenJial Recall
sCores in Four Conditions

initial ones, probably a result of proactive interference. This
decline was significant for the 7-digit series, F(3. 228) = 10. 1,
P < .0001. and the 10-digit series, F('2. '230) = 15. '7, P < .000 l.
However, there were no interactions of this interference effect
with age or condition (all ps > .10). Thus, the age differences
observed were present on all trials (i.e_ all items) and did not
significantly increase over trials as a function ofproactive inter·
ference. Accordingly, analyses with trials were not included on
subsequent measures.

Our results suggested that when the task demands were
higher (on the 10-digit series), the older adults were unable to
take advantage of the chunked auditory presentation in TC to
perfonn as well as the young. Older adults matched the high
perfonnance of younger adults only with sequential recall of a
local telephone number presented auditorily with chunking
(!:ondition TC). In other words, the chunked condition was not
sufficiently difficult with a local number to show the age differ­
ences that were seen in other conditions.

Sequential recall. The second dependent measure did not
require perfect sequential ordering but gave individuals credit
for series of digits that matched part of the encoded number.
Although it has been argued that ordered recall scores capital­
ize on chance (Drachman & Zaks, 1967), this change in scoring
methodology had no impact on our findings. Multivariate anal­
ysis showed a significant effect for age, F(2, 223) = 21. I. p <
.000 l; condition, F(6, 446) 0= 7.5, p < .000 I; and Age X Condi­
tion, F(6, 446) = 3.05, p < .0 I. Univariate follow-up tests of the
hypotheses showed the same pattern as found with ordered re­
call, with all effects significant for the 7-digit items, for the
Age X Condition interaction, F(3, 224) = 4.0, p <.0 I, wl = .03:
age, F(l, 224) = 25.8, p < .0001, w2 .. .08; and condition, F(l
214) = l3.l, p < .0001. w2 = .12. All effects were significant
except for the Age X Condition interaction on the lO-digit num­
bers: age, F(I, 224) = 31.7, p <.000 I, w2 =.11; condition, F(3,
214)'" 6.0, P < .001, w2 = .05. Post hoc tests also showed the
same patterns across age, condition, and item type as those
reported earlier for ordered recall (see Figure I).

Comet recall. This measure identified an answer as correCt

1
)
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\ On the 7-digit numbe~ post hoc tests for the analysis of
variance revealed that the young performed better than the old
except in Condition TC (see the earlier discussion of ceiling
effects). The younger adults performed similarly in all condi­
tions except N (significantly lower scores than in Conditions T,
TC, and TCD). It is interesting that with this measure, familiar­
ity (referring to the items as telephone numbers) made a differ­
ence for both the young and old, resulting in higher perfor­
mance on the more demanding recall measure. Older adults
showed significant differences between all conditions, with the
highest performance in Condition TC. On the 10-digit num­
bers, the young performed.significantly better tban the old, and
Condition TC resulted in higher recall than did Condition N in
post hoc tests. No other differences were significant.

These results suggest that the chunked presentation in Con­
dition TC benefited both age groups, in contrast to results with
standard digit-span presentation. There were no performance
differences between Nand TCD conditions. One interpreta­
tion ofthis outcome, which was not found with the other depen­
dent measures, is that the dual retrieval requirement of TCD
canceled the benefits ofchunked presentation in TCD for both
age groups. On average, dual retrieval in TCD led to one or two
more digit errors than occurred in the TC condition-not a
large enough change to affect the ordered recall or sequential
recall scores. With the more demanding correct rec:1I1 measure.
however. one additional error made on two items would change
an individual's score from 4 correct to 2 correct. The addition
ofa few errors prevents perfect recall. so that TCD performance
was not higher than performance in Condition N in this case.

Caution is needed in interpreting the absence of age differ­
ences because there were ceiling effects in the 7-digit series.
There is evidence to suggest that chunking was useful for the
older adults and that the interaction was not due solely to ceil­
ing effects. An isolated look at the data of older adults shows
that chunking facilitated their performance; the older adults
significantly raised their performance in Conditions TC and
TCD relative to Conditions Nand T in both ordered and se­
quential recall. In addition, age differences in the proportion of
persons with 7 correct on all items varied dramatically across
conditions. In Condition N, 30% of the young and 13% of the
old performed at ceiling (a difference of17%), and a comparable
difference was observed in TCD. In Condition T, the age differ­
ence in proportions was 31 %, whereas in Condition TC the
difference was -1%, with the older adults having a somewhat
larger percentage performing at ceiling than the young. An
examination ofthe distributions ofscores for the old and young
in Condition TC also shows them to be nearly identical.

In addition, nonparametric analyses comparing the age
groups in each condition using the Kolmogorov-Smirnov
method confirmed the presence ofan interaction between con­
dition and age. With this procedure, the central tendency, dis­
persion, and skewness (Siegel & Castellan, 1988) of two distri­
butions are compared to see whether the distributions corne
from the same population. The two age groups were signifi­
cantly different in Conditions Nand T on all measures (ps <
.0 I, except p < .05 for Condition N ordered recall). However,
there were no significan[ differences between the older and
younger adults in Conditions TC and TCD on any measures
(ps> .25). These additicmal data suggest that the observed in-

teraction is not entirely due to a ceiling effect. The interaction
may reflect variations in processing requirements because
cbunking was provided for the subjects and did not have to be
generated spontaneously in Condition TC or TCD (see Craik,
1968; Waugh & Barr, 1980).

Three hypotheses were examined in Experiment 3. One was
that the processing requirements of the task would determine
the age pattern, rather than task familiarity, when Conditions N
and T were compared. This was confirmed because in every
case, younger adults performed better than older adults in Con­
ditions Nand T. Familiarity had a small impact on the scores,
with its effect evident only on the correct recall measure on
which old and young performed better in Condition T than in
Condition N. Older adults did not differentially benefit from
this familiarity; the young still performed better. Familiarity
probably had no impact on age differences because the infor­
mation-processing requirements across the two tasks were com­
parable. In many cases in which familiarity facilitated older
adults' performance in other research, the familiarity effect was
confounded with altered processing demands (West. 1986).

These results replicate and extend previous findings of age
differences in recall of numbers presented without chunking
(Conditions Nand n and confirm the benefits of auditory
chunking (Waugh & Barr, 1980). The second hypothesis con­
cerning an interaction ofage and chunking was not clearly con­
firmed. Both age groups pelformed significantly bener with
Condition TC than with standard digit-span presentation (N or
n on most measures. Under a condition of auditory chunked
presentation on-digit numbers, the score distributions for old
and young were virtually identical. suggesting that older adults
may have benefited from chunking in that particular case. How­
ever, on the more difficult Io-digit series, older adults did not
benefit similarly from chunking.

The predictions concerning dual retrieval were confirmed
only when the dUal retrieval condition (TCD) was combined
with a stricter performance criterion ('"perfect" recall of the
number). With the sequential recall and ordered recall mea­
sures, the younger and older adults generally performed as well
in Condition TCD as in Condition TC. Thus, the requirement
to dial did not create significant problems for the older adults,
relative to otber conditions, except when the strieter real-world
criterion was used for scoring. The practical implications of
this linding are discussed in the next section.

Measurement convergence occurred with comparable pat­
terns of significant results across all three measures. Age ac­
counted for the greatest variance in the ordered recall measure.
The only inconsistency observed across measures was the im­
pact of dual retrieval (Condition TeO) and the value of the
telephone-number designation, which were most evident for
the strictest measure, correct recall.

General Discussion

The results of this investigation yielded data of interest to
researchers as well as information of practical value to older
adults. Across the experiments reported in this article and the
earlier study (Crook et al~ 1980), there was high consistency.
The three current studies revealed clear age differences in the
recall of long-distance telephone numbers and age decline in
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~l of local numbers under. some conditions. Not surpris­
iJigIy, all age groups performed at ceiling on the 'recall of area
codes. Decline was consistently evident by the seventh decade,
even with local numbers. With long-distance numbers, decline
was apparent by the 60s. There was little evidence for decline
during the middle years except under distracting conditions,
consistent with the data ofTalland (1968). The evidence indi­
cated that this particular task resulted in age trends quite com­
parable with those obtained on laboratory digit-span tasks and
that, for the most part, the use of telephone numbers did not
especially facilitate processing by older adults.

One minor discrepancy between these results and the earlier
study is that Crook et al. f1980) found no age differences be­
tween elderly normal subjects and young subjects on 10-digit
series that were recalled verbally, whereas all of the studies
reported in this article showed an age decline in retrieval of
10-digit series when comparing groups under age 40 to groups
over age 60. The present studies included no condition that was
exactly comparable with the condition of the earlier study
(Crook et al~ 1980) involving visual (plus auditory) chunked
presentation. The condition in that study involved bimodal in­
put combined with chunking, which may account for the ab­
sence of age differences, even with the ID-digit series. In effect.
Crook et a1.'s subjects were provided with a bimodal visual and
auditory chunked code and did not need to perform theIr own
strategic chunking, a condition that should facilitate telephone
number recall for older adults (Craik. 1968; Talland, 1968:
Waugh & Barr, 1980).

The impact ofaging was most clear on the 1O-digit numbers.
Even with an immediate recall test, adults over age 60 cannot
perform as well as younger adults. Changing from telephone
dialing to a less demanding sequential recall test did not elimi­
nate age differences (Crook et a1~ 1980), nor did variations in
modality (Taub, 1975). Auditory chunked presentation also did
not eliminate age differences (Talland, 1968). In addition. us­
ing a familiar label for the task (identification of items as tele­
phone numbers) did not appear to facilitate older adults or to
compensate for deficits in recall (Crook et a1~ 1980). The large­
sample data from Experiments I and 2 indicated that these
deficits in recall of long-distance numbers may begin during
the middle-aged years and intensify with aging. As aging pro­
ceeds, many adults may encounter increasing difficulty with
immediate recall of new long-distance numbers.

The impact of aging on recall of local telephone numbers is
less clear. The presence of ceiling effects led to the conclusion
that recall of a 7-digit series is not an age-sensitive test appro­
priate for understanding age-related processing differences.
However, this begs the practical question: ShouJd middle-aged
and older adUlts expect difficulty in immediate recall of local
telephone numbers? Tentatively, the findings suggest that most
middle-aged or young-old adults should not experience consid­
erable difficulty under these conditions: when no distractions
or interruptions occur, when presentation involves more than
one modality (e.g., the number is heard and then seen as
it is written down), and when the number is presented with
chunking.

Retrieval requirements played a role in the age differences we
observed. Data from Experiments 2 and 3 and the earlier study
(Crook et al~ 1980) indicated that older adults' scores are sensi-

tive to varying dependent measures. The typical retrieval situa­
tion, requiring an entire number to be dialed correctly, was
more likely to result in age declines than was sequential recall
(Crook et a1~ 1980). When a busy signal required that a number
be redialed, the resulting memory loss was greater for older
individuals. In addition, in Experiment 3, the demanding
correct recall measure was affected by the combination ofdial­
ing and verbal recall~lder adults were unable to remember
and dial as many local or long-dist;mce numbers as were young
people, even after chunked presentation. Comparable age-re­
lated retrieval deficits have been observed in other studies of
immediate recall (Craik, 1968; Talland, 1968; Taub, 1977).

Although generalization to real-world situations is not direct.
this laboratory analogue study has some practical implications.
For most people. local telephone exchanges and familiar area
codes are recalled as one chunk of information in memory. In
addition, many different numbers were presented in thiS study
In circumstances in which only one phone number is pre­
sented, adults of all ages may perform better because at less
interference. Therefore, ecological situations may be somewhat
easier than the laboratory analogue we used. Thus. it would be
fair to conclude from our data that immediate recall of local
telephone numbers should not be substantially impaired betore
the late 60s or 70s. Until further research establishes that the
same ~esults will be observed with written presentation aione.
older adults should be advised to transform numbers read from
the telephone book. Numbers should be transformed immedi­
ately into an auditory code to provide for bimodal processing.
and the number should also be chunked into segments to ease
recall. In addition. older adults should be careful to avoid any
kind of interruption between reading and dialing a number if
they do not want to have to search the directory twice. Even
though our subjects may have anticipated a busy signal. it still
disrupted recall, so care is needed to avoid interruptions when­
ever possible. Recent changes in telephone-company proce­
dures. such as using computerized presentation of numbers in
standard digit-span format, are likely to disadvantage older
adults. Instead, chunked auditory presentation is preferable to
improve the probability that the number can be recalled
correctly. Because dialing increased the retrieval demands and
led to lower performance, older adults probably shouJd rehearse
a number verbally. to ensure that it is in memory, before at­
tempting to dial.

The existing evidence concerning telephone number recall is
clearly in line with recent conceptions about age-related de­
clines in memory, with age differences increasing in direct rela­
tionship to processing demands. Thus, analogue tests of practi­
cal memory, such as the one used here, can confirm the trends
evident in laboratory studies. Age differences have been larger
as a function of (a) the need to spontaneously apply strategic
encoding, as reflected by differences between chunked and un­
chunked presentation; (b) attentional distraction. as reflected
by greater age declines with the presence of a busy signal at
retrieval; (c) stricter retrieval requirements. as reflected by the
detrimental combined effect of requiring totally correct recall
and requiring verbal recall plus dialing; and (d) increased mem­
ory load, as reflected by larger age effects on long-distance
telephone numbers that included area codes.
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Everyday Memory Performance Across the Life'Span:
Effects of Age and Noncognitive Individual Differences
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Gerontologists have long been concerned with the impact of individual-difference factor.; on
memory. This study used a large sample (N = 2,495) of adult volunteer.; aged 18 to 90 year.; to
determine if a set of individual-difference variables-vocabulary, education, depression, gender,
marital status. and employment status-mediates the effects ofaging on a wide range oflaboratory­
analogue tests ofeveryday memory. The data indicated that age was consistent1y the most signifi­
cant predictor of memory performance, followed by vocabulary and gender. Vocabulary totally
mediated age effects on a prose memory measure, and partial mediation ofaging effects-primar­
ily by vocabulary and gender-was observed on 5 other memory tests. These data suggest that
when healthy samples of volunteer.; serve as research subjects. these individual differences can
affect some memory test scores, but age remains the best overall predictor of memory per­
formance.

Individual differences have long been a concern in the geron­
tology literature for several reasons. Individual differences in
basic background characteristics that relate to skill·level varia­
tions-for example, vocabulary or education-may interact
with aging to produce age-related differences in performance
(Cavanaugh, 1983; Meyer &Rice, 1983). When skill·related fac­
tors vary as a function ofcohort, they may be important predic­
tors of age-related performance change, serving to enhance or
reduce the impact of aging (Poon, Krauss, & Bowles, 1984).
Cognitive change processes in aging can best be understood in
associationwith individual~difference factors that covary with
memory performance.

Theoretically, one very important issue is the degree to which
individual differences mediate cognitive aging. This research
focuses on this mediation issue to examine the explanatory
power ofage, as compared with the explanatory value ofseveral
individual-difference variables. If the impact ofaging is totally
mediated by other variables, then performance can be ex­
plained by individual differences, and the contribution of age
to performance prediction is spurious. That is, the primary
impact of aging could be through its association with other
types of age-related psychological change (e.g., reduced cogni­
tive demands associated with retirement or widowhood). Alter­
natively, age could retain its theoretical status as the most im-
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portant performance predictor even when other faCtors are co­
varied (see Saltbouse, Kausler, & Saults. 1988b).

Practical and empirical concerns also point to the impor­
tance ofidentifying those psychological characteristics that me­
diate memory performance. Clinicians and researchers can
benefit from more precise information about factors that co­
vary with age-related changes in cognitive performance. Clini­
cians need to consider individual differences in designing and
standardizing <.:ognitive tests. Also, if memory performance is
predicted by individual-difference variables, it would be im­
portant, in empirical research, to incorporate the mediatiDg
variables into research designs so that cross-sample compari­
sons can be made on the relevant variables that affect perfor­
mance (Hoyer, Raskind, & Abrahams, 1984; Salthouse,
Kausler, & Saults, 1988a). Thus, the specific goal ofthis study is
to quantify the role ofsome individual differences as they influ­
ence everyday memory performance.

One potentially important individual-difference factor is de­
pression. There is mixed evidence concerning the impact of
depression on cognitive performance. Although cognitive im­
pairments in depressed patients are not always observed, serio
ous depression can be linked with cognitive deficits, especially
in older adults (Jorm, 1986; Niederehe, 1986). The cognitive
changes that can occur with depression include encoding and
retrieval difficulties, problems with attention and concentra­
tion, slowed information processing, and rapid forgetting
(Weingartner, 1986); but what happens to the individual who
bas a few depressive symptoms but no indication of major de­
pression? It is not clear how strong the link is between depres­
sion and cognition for older individuals who do not merit a
diagnosis of depression (see Newmann, 1989). It is valuable to
know iflevel ofself·reported depression isan important individ·
ual·di.trerence variable affecting memory scores when normal
community-dwelling volunteers are assessed, that is, individ-
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Structure ofEveryday Memory in Adults With Age-Associated
Memory Impairment

Adrian Tomer, Glenn J. Larrabee, and Thomas H. Crook

Everyday memory was tested in a group ofadults manifestiDg AIIII=-As1ociated Memory Impairment;
a computerized battery of tesl.S was constructed to simuIatc memory taslcs ofdaily life. Conlinnatory
and other structural equation models were estimated for the entire sample of 273 Ss and for 3 age
groups. A 4-factor model was found to fit the data well and was invariant across age and lIII=oder. After
education had been controUcd., only the GcncraJ Recall factor was found to be consistently related
to age in both men and women; the other 3 faet0r5-Narrative Memory, Digit Reca.II. and Visual
Memory-were related to age only in men. Confirmatory factor analyses of the everyday memory
tests combined w;th several psychometric memory tests suggested that some of the latter (the Benton
Visual Retention Test and Wechsler Memory Scale Hard P:lired Associates) load on more than I
factor ofeveryday memory, suggesting complex relationships between the 2 types of tests.

Age and gender differences in level of memory performance
have been documented for a variety of memory tasks, including
conventional laboratory tasks and everyday life memory tasks
(e.g., West, 1986). Much less work has been conduC1ed to deter­
mine the pattern or struC1ure of memory abilities and whether
this struC1ure is constant across age and gender. Level differ­
ences are typically interpreted on the basis of an assumption
of invariance of struC1ure (cf. Hertzog. 1987); therefore. this
assumption should be carefully examined. The possibility that
the struC1ure of memory varies with age or gender. or both. may
suggest changes or differences in cognitive organization. The in­
terpretation of findings in studies ofcognitive aging. which have
been based commonly on samples with a preponderance of fe­
male subjects (who often perform better than male subjects on
verbal memory tasks; e.g., Larrabee. Trahan, Curtiss, & Levin.
1988), would also be affected by the presence of gender differ­
ences in the struC1Ure of memory.

Everyday memory, which is the focus of this article, can be
delined as memory evidenced in everyday life tasks and mea­
sured either outside of the laboratory or, using simulated every­
day life tasks, inside the laboratory. Recent exploratory faC1Or­
analytical work (e.g., Crook & Larrabee, 1988; Larrabee &
Croole, 1989) has provided important information about the
dimensions of everyday memory in normal adults., as well as in
those manifesting developmental changes in memory charaC1er­
istic of Age-Associated Memory Impairment (AAMl; Crook.,
Bartus, et al., 1986). This research has used a newly developed
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computerized battery (Crook., Johnson, & Larrabee. 1990;
Crook., Salama., & Gobert, 1986) to test memory in a Mrf that
attempts to simulate realistically everyday tasks (e.g., learning a
grocery list) while using welJ.controlled experimental para­
digms (e.g., selective reminding). Exploratory methods have
also been used to examine the relationship between tests in this
computerized everyday memory battery and several standard
neur~hological tests (Larrabee & Croole, 1989).

Some investigations have addressed the issue of stability of
structure with age using exploratory factor analyses of age-re­
sidualized versus raw scores (Crook & Larrabee, 1988; Delis.
Freeland, Kramer, & Kaplan, 1988; Larrabee, Trahan, & Cur­
tiss, 1992). Also, Larrabee et aI. (1988) have used exploratory
methods to addre!S the issue ofgender differences. These studies
have provided evidence of the stability of memory structure
across age and gender but have not used more powerful, model­
driven conftrmatory analyses.

This was precisely the purpose of the present investigation,
which used a relatively large sample and the method just de­
scribed of(presumably) ecologically valid tasks. The structural
issue was addressed by constructing a model based on previous
exploratory analyses and by using the structural equation mod~

eling (SEM) approach (e.g., Hertzog, 1987) to test this model in
a new sample. Equivalence of struC1ure across gender and age •
was examined by imposing constraints ofequality and by deter­
mining the lit of constrained models (in comparison with un­
constrained models). The following paragraphs deal with the
rationale for the construction of the conftrmatory faC10r anaIy-
sis model.

Principal.components analyses with varimax rotations pro­
duced a four.component solution in a similar but different
AAMI sample (Larrabee & Crook. 1989). Several sets ofevery­
day memory tests were used, including measures of reaction
time. Reaction time measures were not included in the present
model and analyses because they were considered to be concep­
tually different from other measures and because there were in­
consistencies in the relationships between the reaC1ion time
measures and the other measures across two samples (Crook
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Evaluation of Drogs in Alzheimer's Disease and
Age-Associated Memory Impairment

T.H. CROOK. B.A. JOHNSON. and G.J. LARRABEE!

A major issue in assessing the efficacy of drugs for late-life cognitive disorders is
that of clinical relevance or "ecologic validity." It has been argued (Crook 1983,
1985a; Larrabee and Crook 1988; Leber 1986) that measures of treatment effects
should bear a clear relationship to the behavioral problems for which treatment
is undertaken. These behavioral problems may be assessed through rating scales
completed by the clinician, the family of the patient, and sometimes the patient
himself. Behavioral capacities may also be assessed directly through objective.
psychometric performance tests. A major problem with most psychometric tests.
however. is that they are abstract and bear little relationship to the behavioral
problems for which drugs may be prescribed.

An effort was begun a decade ago to develop a battery of clinically relevant
performance tests for assessing treatment effects in adult onset cognitive dis­
orders. The first generation of tests was developed in collaboration with Drs.
Steven Ferris, Charles Flicker, and other investigators (e.g., Ferris and Crook
1983; Crook 1985a: Ferris et al. 1986a). In 1985 we began an accelerated effort to
develop a second generation of measures utilizing stage-of-the-art computer and
laser-disk technology to closely simulate ~asks ofdaily life on which performance
is often impaired in adult-onset cognitive disorders.

Our objectives in test development were as follows:

I. To develop measures that relate closely to the behavioral problems for which
treatment may be undertaken in adult-onset cognitive disorders.

2. To employ academically sound paradigms of human cognitive processes.
3. To develop measures sensitive to both normal age-related memory loss and

cognitive symptoms seen early in the course of adult-onset cognitive
disorders.

4. To develop measures that meet the highest standards of inter-rater and
test-retest reliability.

5. To develop tests that are appropriate for different languages and cultures
and, thus, appropriate for use in multinational drug trials.

6. To develop measures available in at least five alternate forms for repeated
use in drug trials.

I Memory Assessment Clinics. Inc.. 8311 Wisconsin Ave., Bethesda. MD 20814, USA

Methodolo!)' of.he EvaluallOn of Psychotropic Drop
Ed',on: O. 8c,d:ert. W. ,\filfcr, and K. Rickel!
(Psychopharmacolo!)' SenesS)
() Spnnsc,·VcrlaSIlc,lin Hc1de1bcr& 1990
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7. To develop extensive normative data in different cullUres and extensive data
on the pa tterns of deficits seen in different neurologic disorders.

8. To develop measures sensil1ve to drug effects including measures based on
paradigms of learning and memory found sensitive to drug effects in
experimental animals.

9. To develop a battery measuring empirically as well as theoretlcJlly distinct
parJmeters of cognitIve functIOn.

10. To develop In assessment system m which relevant beha vioral capacities are
assessed through self.rJl1ngs. family ratings. Jnd clinician ratings. JS well as
through performance tests.

In an effort to meet these objectives. research aimed at test development and
refinement. as well as drug tesl1ng. was undertaken and is now under way in
multiple clinics. universities. and community settings in Belgium. Denmark.
England. Finland. France. Italy. Sweden. and the United States. In this paper we
describe several of the tests in the battery and present data from several studies
conducted in the United States. For a more general discussion of theoretical issues
related to the :1Ssessmenr of drug effects :lnd other tests that may be used tn
treatment evaluation studies. we rer"er the reader to tWo otha recent papers (i.e ..
Flicker [988: Larrabee anu Crook (988) ..-\ ie'. !.n .;1' ,ther com pu tClzed te~lS :s
provided by Maulucci and Eckhouse (1988)

1 Computerized Laser-Disk Perfonnance Tests

1.1 Hardware and Software

Although our battery of performance tests is ,:-omputerized. we believe strong!;--­
in using electronic technology to simulate Clinical reality. Thus. in no case are
subjects required to interact with the computer during testing. We do not employ
keyboards. joysticks. or other mampulanda with which subjects are differentially
familiar in testing. Rather. a tester operates the computer and laser-disk
equipment and the subject responds either verbally. by touching a large touch­
sensitive monitor to register a response. or by operating familiar manipulanda
(e.g.. a telephone) interfaced with tl:le computer.

The equipment that constitutes a computerized test station is the same
worldwide. Hardware is as follows:

An American Telephone and Telegraph (AT&T) 6300 computer with a 10
megabyte hard disk drive.
Installed in the computer is an Image Capture Board (lCB) produced by
AT&T for presentation of computer generated graphics.
A Pioneer LDV 6010 laser-disk player.
A laser-disk produced by our organization and mastered by 3MCorporation.
For each language ill which we test.
A Sony 19' 1910. color monl[or WIth a touchscn:en installed bv our
organization.

t
I



555 Technical Service Interconnection Arrangements

ICCF
Industry Carriers

Compatibility
Forum

Under the auspices of the
Carrier Liaison Committee

3 Corporate Place
Piscataway, NJ 08854

Fax: (908) 336-3640

Madeline Bogdan
Moderator

Room: 2J238
Phone: (908) 699-2494

Kathy.Cullen
Secretary

Room 2J230
Phone: (908) 699-3245

Sponsored by the Alliance for
Telecommunications Industry

Solutions

ICCF96~11-014

April 11, 1996

555 TECHNICAL SERVICE
INTERCONNECTION

ARRANGEMENTS



555 Technical Service Interconnection Arrangements

TABLE OF CONTENTS

1.0 INTRODUCTION
1.1 Purpose of This Document
1.2 Background

2.0 TECHNICAL SERVICE INTERCONNECTION REQUIREMENTS
2.1 Dialing Arrangements
2.2 Digit Analysis and Translations
2.3 Translations
2.4 Routing
2.5 Signaling Arrangements

ICCF96.().411~1~

April 11, 1196
Page 1 of 22

2
2
2

2
3
3
4
5
5

3.0 TECHNICAL SERVICE INTERCONNECTION ARCHITECTURES 6
3.1 Translations, Routing and Signaling Examples 6
3.2 Potential Architectural Arrangements 8
3.3 Potential 555 Technical Service Interconnection Arrangements (TABLE 1) 10

4.0 BLOCKING CONSIDERATIONS 11

5.0 BILLING AND ORDERING CONSIDERATIONS 11
5.1 Ordering 11
5.2 Billing 11

6.0 NETWORK CONSIDERATIONS
6.1 Availability of Digit Analysis and Translation
6.2 Signaling Protocol
6.3 Calls Routed to the Designated Carriers' Network
6.4 Calls Routed to the Presubscribed Interexchange Carrier (PIC)
6.5 Additional Considerations

7.0 Glossary
7.1 Definitions
7.2 Acronyms

APPENDIX A
History
555 Network Today
Current Regulatory Considerations

APPENDIX 8
Listing of Grandfathered Numbers

12
12
13
13
13
14

14
14
18

19
19
20

21



555 Technical Service Interconnection Arrangements

1.0 INTRODUCTION

1.1 Purpose of This Document

ICCF96-0411~14

April 11. 1196
Page 2 of 22

This document identifies potential technical service interconnection arrangements and

dialing plans that could be used by providers of services using 555 line numbers.1

This document complements the existing 555 NXX Assignment Guidelines, (INC94­
0429-002 Rev. 1). For each potential technical service interconnection arrangement,
the elements required to provide services using 555 line numbers are described. The
need for transferring end-user billing and dialing information to the designated carrier
or the service provider is detailed to the extent possible for each potential technical
service interconnection arrangement. Several basic national uniform technical service
interconnection arrangements will allow both access providers and information
providers to plan more effectively the ubiquitous deployment of services. Any such
changes, including modifications or additions to the document, will be made under the
direction of the ICCF (Industry Carriers Compatibility Forum).

The technical service interconnection arrangements described in the document should
be considered the product of industry consensus. The decision whether to implement
any of these arrangements, and when any such arrangements may be deployed, is
likely to be based on business opportunities and regulatory factors and may vary
accordingly. Moreover, nothing in this document precludes the use of alternative
arrangements which may include some or none of the features described.

1.2 Background

Previously, the use of "555~ numbers and the network arrangement used to route and
complete "555" calls have been associated primarily with the support of DA (Directory
Assistance) services. The assignment guidelines for 555 line numbers (INC 94-0429­
002 Rev 1.) allow these numbering resources to be used not only for DA services, but
for a broad range of other services. The service arrangements described in this
document are intended to support both DA and other services.

2.0 TECHNICAL SERVICE INTERCONNECTION REQUIREMENTS

Several network technical requirements must be satisfied in order to complete calls
dialed with "555" numbers. These requirements reflect the need to:

a) accommodate a given dialing arrangement.
b) appropriately translate the dialed number,
c) route the call to the access customer or service provider,

1 It is understood that access to existing 555 directory assistance functionality must be maintained.


